Seventy-seven recently isolated bovine ureaplasma (T-mycoplasma) strains were compared by the growth inhibition test with previously reported strains. The complex serological nature of the group was confirmed. Only five of the fresh isolates did not react with antisera to the eight representative bovine strains proposed previously. The suggestion that the serological diversity of the group might be represented by a small number of strains has thus been confirmed. Eleven strains are proposed as representatives of this serological diversity. No common antigens were shown between Ureaplasma urealyticum, the ureaplasmas of human origin, and the bovine isolates.
Seventy-seven recently isolated bovine ureaplasma (T-mycoplasma) strains were compared by the growth inhibition test with previously reported strains. The complex serological nature of the group was confirmed. Only five of the fresh isolates did not react with antisera to the eight representative bovine strains proposed previously. The suggestion that the serological diversity of the group might be represented by a small number of strains has thus been confirmed. Eleven strains are proposed as representatives of this serological diversity. No common antigens were shown between Ureaplasma urealyticum, the ureaplasmas of human origin, and the bovine isolates.
Ureaplasmas, mycoplasmas with urease activity previously called T-mycoplasmas (12), have been isolated from a variety of diseased and apparently nondiseased bovine tissues. The anatomical sites in cattle from which these mycoplasmas have been isolated include eyes, the urogenital tract, and respiratory tract (13) . To determine whether some relationship exists between disease and the presence of ureaplasmas, it would be useful to have a means of serologically identifying strains. Reported studies (5, 6, 9) indicate that bovine ureaplasmas are serologically heterogeneous. However, it has been suggested that the serological diversity of the group could be represented by a small number of strains which possess between them the spectrum of antigens synthesized by the group (6) . To test this suggestion and to study further the serology of the bovine ureaplasmas, a number of fresh isolates were collected and examined to determine how many of them showed serological cross-reactions with the eight bovine strains previously put forward as representing the group.
MATERIALS AND METHODS

Media.
The broth used to culture ureaplasmas, designated U4, consisted of Hanks balanced salt solution (Wellcome, Beckenham, England) (lox concentrate), 4 ml , Hartley digest broth, 20 ml; fetal calf serum (Flow Laboratories, Irvine, Calif.), 15 ml; yeast extract (Distillers Co., Morden, England) (25% [wt/vol] aqueous extract), 10 ml; 1% phenol red, 0.2 ml, 20% urea, 0.25 ml , 5% thallium acetate, 0.5 ml; magnesium sulfate (250 pg/ml), 1 ml; benzylpenicillin (Glaxo Ltd., Greenford, England) (200,000 U/ml), 0.5 ml. Glass-distilled double-deionized water was added to bring the volume to 100 ml, and the pH was adjusted to 6.0 to 6.2 by the addition of N-hydrochloric acid.
The solid medium consisted of: Hanks buffered salt solution (lox concentrate), 4 ml, agarose (Miles Labs, Slough, England), 0.8 g; N-2-hydroxyethyl piperazine-N'-2-ethanesulfonic acid (Sigma Chemical Co., St.
Louis, Mo.), 1 .19 g; Hartley broth, 20 d, glass-distilled water, 44 ml. This mixture was sterilized by autoclaving at 10 lb/in2 for 10 min. After cooling to 56°C the following were added fetal calf serum, 20 ml , 1% putrescine, 1 ml; 0.9% L-cysteine, 1 ml; and yeast extract, penicillin, thallium acetate, and magnesium sulfate at the concentrations noted above. The final pH of the solid medium was about 6.2. Cultures on solid media were incubated at 33°C under an atmosphere of 100% COn except for a few strains, the growth of which was inhibited by 100% Con, and these were grown under NP containing 5% (202. Antisera. Antisera were raised in New Zealand white rabbits. The growth from l-liter broth cultures was harvested by centrifugation, washed three times with 0.15 M phosphate-buffered saline (pH 7.2), and resuspended in a final volume of 2.5 ml. Rabbits were inoculated intramuscularly at two sites with 1 ml of organisms mixed with an equal volume of 4% sodium alginate. Three intravenous injections were given at 2-day intervals beginning 14 days after the intramuscular inoculation, and the animals were exsanguinated 7 days after the final intravenous inoculation.
Serological tests. The growth inhibition test was performed in a manner similar to"that described by Black (2). The indirect immunofluorescence test has been described (5).
Ureaplasma strains. Initial studies were made with antisera to the eight "representative" bovine strains derived from the cloned strains previously described (6) by filtering broth cultures (450-nm membrane filter, Millipore Corp.) and picking single colonies one more time. Seventy-seven fresh isolates were studied. Twenty-five of these were from the respiratory tract of calves in Denmark provided by N. Friis. Twelve were isolated from the urogenital tract of cattle in Canada, provided by R. B. Truscott. Two strains were isolated from the pneumonic lungs of calves in the United States by E. E. Ose. The remaining strains were isolated in the United Kingdom from the respiratory tract or the urogenital tract of cattle.
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The human ureaplasma strains of serotypes I to VIII (12) were obtained from F. T. Black. Cloning of strains was by filtering broth cultures through a 450-nm membrane filter (Millipore Corp.) and picking single colonies on three successive occasions as previously described (5) .
RESULTS
Since the ureaplasma clones used in this study were derived from those previously described (6) by picking single colonies a further time and also since the growth medium had been modified, cross-reactions between the eight previously proposed representative strains (listed in Table  1 ) were reexamined by the immunofluorescence and growth inhibition tests. The results are given in Table 1 for the indirect immunofluorescence test (see Table 5 for the growth inhibition test results). The eight strains were also examined by immunofluorescence when grown on the U3 medium used previously (6) . On this medium the results obtained were almost identical to those previously reported.
Initially all the new isolates were examined to determine whether they reacted in the growth inhibition test with antisera raised against the eight representative strains listed in Table 1 . Zones of inhibition of greater than 2 mm from the edge of the well containing the antiserum were considered positive. Cultures that reacted with a single antiserum were not examined further. All cultures that reacted with more than one of the antisera were cloned and retested since it was possible that such results might be due to cultures being mixed. The cultures that did not show any inhibition of growth with any of the eight antisera were also cloned and retested since mixtures of serotypes might mask any inhibition of one of the serotypes in a mixture.
The results of these studies are shown in Table 2 . Of the 77 strains isolated from cattle in the United Kingdom, Denmark, the United States, and Canada, only 5 did not show a reaction with any of the eight antisera (strains T45, F27, T74, T75, T71). Fifty-two strains reacted with only 1 antiserum of the 8, whereas 20 strains showed inhibition of growth with two or more of the antisera. The reactions of these 20 strains with the antisera to the 8 representative strains are shown in Table 3 .
We then investigated further whether the five strains (T45, F27, T74, T75, T71) which had not reacted with antisera to the eight representative strains shared any antigens with other bovine ureaplasmas. Antisera were raised in rabbits against these five cloned strains. Antisera were also raised against six of the strains which crossreacted with more than one of the original eight representative antisera, since it was possible that these strains might induce an antibody response against a larger number of antigens. These 11 antisera were then tested by the growth inhibition test against the 11 strains and also the original 8 representative strains (Table 4) .
Two of the five "nonreactor" strains appeared similar to each other (T45, F27) and shared antigens with strains 8417, Mmb167, Bu2, T73, T510, and T53. Nonreactor strains T74 and T75 F27  T74  T75  T71  T73  T510  T53  F10  F16  T622   Strain   ~   T45  F27  T74  T75  T71  T73  T510  T53  F10  F16  T622  A417  T95  T288  Mmb167  Bu2  D48  T315  T44   7 a Antiserum to strain.
shared antigens, and antiserum to strain T75 inhibited the growth of strain T510. Strain T71 possessed antigens in common with strain F16. Antisera raised against the "multiple reactor" strains T73, T510, T53, and F10 inhibited the growth of strains T45 or F27, confirming a relationship between these latter two strains and other bovine ureaplasmas. The reactions of the antisera to strains T73, T510, T53, and FlO confirmed a relationship, indicated in Table 3 , between these four strains and certain of the original eight representative strains, namely A417, T95, T288, Mmb167, and Bu2. Strains F16 and T622 were found to share antigens with each other and with strain D48, one of the original eight strains. a Antiserum to strain.
Thus, to select strains representative of the diversity of antigenic structure observed among bovine ureaplasmas, it was considered that strains T45, T74, and T71 should be added to the original eight. The relationship between these 11 strains by the growth inhibition test is shown in Table 5 .
More cross-reactions were observed among the bovine ureaplasmas in these studies than in the original study using inmunofluorescence (6). Also, three more strains had been added to the list of representative bovine strains. Thus, it was important to determine whether there was any antigenic relationship between these 11 representative bovine ureaplasmas and the eight serotypes of U. urealyticum. Antisera to the eight human serotypes was tested against the 11 representative bovine strains and also the other bovine strains listed in Table 4 . Antisera to all 19 bovine strains in Table 4 were also tested against the eight human serotypes grown on U4 medium. No cross-reactions between the bovine and human strains were detected in the growth inhibition test.
DISCUSSION
The bovine ureaplasmas are serologically extremely heterogeneous. No neat circumscribed serotypes exist although clusters of strains with a certain amount of antigenic similarity have been described (6). However, strains exist which synthesize antigens common to strains in more than one cluster. Thus, the antigenic nature of the bovine ureaplasmas is perhaps even less ordered than previously indicated. A change in the antigenic structure of U. urealyticm when grown in different media has also been reported (10). The results obtained in these studies also indicate such a change.
At first sight these findings with the bovine ureaplasmas seem to indicate a basic difference in antigenic structure between them and U. urealyticum, the human ureaplasmas, within which eight serotypes have been recognized ( 12). However, it should be noted that other studies with the ureaplasmas of human origin demonstrated a more complex situation more akin to the situation with the bovine strains (8) . Only careful selection and study of strains by Ford (4) and Black (1) has led to the apparently simple system now proposed (12). However, as crossreactions between certain of the eight serotypes of U. urealyticum have been reported (2, ll), it is possible that completely distinct serotypes of U. urealyticum do not exist.
Our current view on the antigenic structure of bovine ureaplasmas is that a variety of antigenic determinants exist, which are detectable by the growth inhibition test, and a particular ureaplasma isolate may express various combinations ofhhese determinants. It is thus difficult to propose distinct serotypes for the bovine ureaplasmas. However, by selecting a number of strains, such as the 11 listed in Table 5 , the antigenic diversity of the group can be represented. Isolates from disease conditions can then be tested with the representative antisera and it should be possible to determine the association with disease of organisms synthesizing particular antigens.
No common antigens were demonstrated, by the growth inhibition test on the same solid medium, between the 19 bovine ureaplasma strains listed in Table 4 and the eight serotypes of U. wedyticum. Of these 19 strains, 11 were the representative bovine strains selected out of more than 100 strains examined in this study and earlier (6). Thus, although serologically heterogeneous, the bovine ureaplasmas seem to comprise a group of organisms with many common antigens but which, as a group, are distinct from the human strains comprising the species U. urealyticum. This finding, together with the earlier demonstration that the guanine and cytosine contents of U. urealyticum and the bovine ureaplasmas differ to an extent that denotes the existence of two distinguishable populations (3, 7) , indicates that the bovine ureaplasmas should be regarded as a group distinct from U.
urealyticum. Perhaps a second species or subspecies of Ureaplasma should be proposed represented by the 11 strains in Table 5 .
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